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TANK TESTS TO SHOW THE EFFECT OF RIVET HEADS ON
THE WATER PERFORMANCE OF A SEAPLANE FLOAT

By J. B, Parkinson
SUMMARY

A 1/3,5 full-size model of a seaplane float constructe
ed from lines supplied by the Bureau of Aeronautics, Navy
Department, was tested in the N.A.C.A., tank, first with
smooth painted bottom surfaces and then wlth round-head
rivets, plate laps, and kesl plates fitted to simulate the
actual bottom of a metal float, The percentage lncrease
in water resistance caused by the added roughness was found
to be from 5 to 20 percent at the hump speed and from 15 %o
40 percent at high speeds., The effect of the roughmness of
the afterbody was found to be negligible except at high
trims,

The model data were extrapolated to full size by the
usual method that assumes the forces to vary according to
Froude's law and, in the case of the smooth model, by a
method of separation that takes into account the effect of
scale on the frictional resistance. It was concluded that
the effect of rivet heads on the take-off performance of a
relatively high-powered float seaplane is of 1llttle conss-~
guence but that 1t may be of greater importance in the
cass of more moderately powered flying boats.

INTRODUCTION

The rosistance of a metal seaplane float or hull on
the water and in the air 1s increased by rivet heads and
other small excrescences on its surface. In order to jus-
tify the increased cost of flush riveting, it is desirable
to know the improvement in performance to be expected from
the elimination of projecting heads. Tests of small models
in the wind tunnel and the towing tank to determine the ex-
tent of this improvement have, in general, been conslidered
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unsatisfactory because of the difflculty in reproducing
the riveted surfaces to scale and the uncertainties due
to scale effects in evaluating the results.

The increase in the friction coefficient of the sur-
face of a hull in contact with the water has been investl-
gated in the N,A,C.A, tank by testing smooth and riveted
planing surfaces (reference 1). In these tests, full-sizo
rivet heads were used and the surfaces were towed at the
actual speeds attalned in practice. The results, however,
are only generally indicative of the improvement to dbe
gained by flush riveting becausc only a part of the re-
sistance during take-off is frigtional and the rivet pat-
tern and the flow conditions vary over the float or hull,
A more quantitative investigation must therefore bs made
by tests of models of actual hull forms that are large
enough to minimize difficulties due to scale.

The speed of the towing carriage of the N,A.C.A, tank
permlits tests over the entire spesed range of a model float
80 large that a falrly accurate reproduction of the rivet-
ed surfaces becomes practical. The rivet pattern, the
plate laps, and the keel plate-on a float of the type used
on a Navy seaplane were simulated to scale on a 1/3.,5 full-
size model, and the model was tested to determine the mag-
nitude of the increase in resistance caused by the excres-
cences., This paper presents the .results of these tests,
together with an analysis of the effect of the excrescences
on the take-off performance of the full-size geaplans,

DESCRIPTION OF MODEL

The basic model, described in reference 2, was built
of laminated mahogany and finished with ssesveral coats of
gray pigmented varnish, The surface was sanded betwesen
coats but not after the final coat. The form of the model
and the reproduction of the riveted surfaces are shown in
figure 1. Round-head brass escutcheon pins having hoads
with a diameter of approximately 0,075 inch and a helght
cf 0,025 inch were used to simulate the rivets, The heads
of these pins correspond to 1/8-inch round-head rivets on
the full-slze float., ZEach pin was driven into a hole
drilled in the model until the bottom of the head was hard
down on the surface.
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On the forebody were fitted two plate laps made of
sheet braes 0,012 inch thick, tapered forward and faired
into the hull with pattern wax, a2 keel made of two 0,30~
inch-wide -‘brass plates 0.012 inch thick and a center bar
of 0,08~inch by 0.,034~inch brass. The rivets at both the
keel and the chine were at 0.l16~inch pitch with single rows
on the forward portion of the forebody and double rows on
the after portion, Between the kesl and the chines were
four rows of rivets on each side at 0.39-inch pitch, corra-
sponding to the stringers., Transversely, there were seven
single rows of rivets at 0.18~inch pitch, corresponding
to frames or bulkheads, and two double rowes at 0.l8-inch
Pitch in the plate laps. '

: The afterbody was fitted with a single keel plate of
0.012-inch brass, whosse total width was 0,60 inch, The
rivets in it and at the chines were at 0.16-~inch pltch, -
arranged in a partly double and partly single row. Be-~
tween keel and chines were four single rows of rivets on
each side piltched at 0,42 inch, corresponding to the
stringers, There were also six transverse rows of rivets
at 0.19~inch pitech corresponding to frames or bulkheads,
Altogether, in both forebody and afterbody, there were
about 7,500 rivets. )

APPARATUS AND PROCEDURE

The N,A.C.A, tank and its equipment are described in
reference 3. In the present tests, the towing gear de-~
scribed in reference 4 was used., The data were obtained
over a wide range of loadings by the "general! method, in
which simultanecous values of resistance, trimming moment,
and draft are recorded for various combinations :of the in-
dependent variables, speed, load, and trim, The model was
tested first with the rivets, the laps, and the keel plate
on the forebody alone, and then on both forebody and after-
body in order to obtain the effect of the excrescences on
the afterbody.

The data for the smooth model had been obtained in a
previous test (reference 2) several months before the pres-
.ent tests were made,

The wetted lengths of the forebody and the afterbody
at the keel and the chine wers read during the tests of
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the model with rivets by means of the numbered stripes
shown in figure 1, It was assumed that these wetted
lengths were the same within the limits of errors in ob-
servation for the smooth and the riveted models,

RESULTS AND DISCUSSION

Data from Tests

The resistance and trimming moment obtained from the
tests with rivets on the forebody alone, on both the fore-
body and the afterbody, and the data for the smooth model,
reproduced from reference 2, are plotted in figures 2 to 7,
The resistance includes the small air drag of the model,
which is assumed to be unaffected by the changes in rough-
ness of the bottom, The moments are referred to a poilnt
5,32 inches forward of the step and 14,14 inches above the
deck on the model, corresponding to the designed center of
gravity of the seaplane, Moments that tend to raise the
bow of the float are considered positive,

The percentage increase in resistance at a given trim
caused by the presence of the oxcrescences on the forebody
alono varies widely with load. It ranges from 5 to 20
percent at the hump speed and from 15 to 40 percent at 45
feet per second., This increase results, of courss, in a
docrease in maximum positive trimming moment and 1n a gen-
eral shift of the moment curves in a negative direction,

For 7° trim and below, the increase in resistance
caused by the excrescences on the afterbody 1s negligible.
At higher trims, this increase becomes appreciable at the
hump speed and quite large at high speeds. Apparsently
rivets on the afterbody of this float have little or no
effect on water resistance during most of the take-off but
might have some effeoct if high trims are used near theo
get-away speed, as in a f"pull-up.”

The observed wetted lengths at the keel and the chilne
are plotted against speed in figures 8 to 13. These wetted
lengths are the distances from the interscctions of the
forebody keel and chine with the water to the main step and
from the intersections of the afterbody keel and chine to
the second step, Where the wetted area of -the forebody 1s
triangular in shape and lies wholly inside the chine, the
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wetted lengths of the forebody chine are considered nega-
tive and represent the intersection of the water with the
chine extended aft of the main step. "

The wetted lengths of the afterbody become zero at
speeds glightly above the hump speed, where the afterbody
is clear of the water. At 99 trim (fig. 11), however, the
afterbody is again wetted at higher speeds by spray from
the main step but the wetted lengiths are indeterminate and
are not plotted., This wetting, nevertheless, contributes
additional frictional resistance at. high speeds, as shown
in figure 5 by the effect on the resistance of rivets on
the afterbody.

Brffect of Rivet Heads on Performance

. In order to find the sffect of the riveted surfaces on
the take-off performance of a full-size float, the results
of the model tests were used in take-off calculations for a
typlcal single-float seaplane having the following charac~
teristics: T '

G'I'OSS 1°ad, 1.b‘ * - L] . . . . 4,000
Wing area, sq. ft. . . . . . 346

Span, upper and
lower wing, £%t. « « s o« « 386

Angle of wing setting, deg. . 2
Horsepower., . « 4+ « « « « . . 450 at 2,100 r,.p.m.

Propeller ., ., . . . « . 4 « « 2 Dblades, 9 ft, 4 in,
diameter. 18° biade
setting at 0.75 R

Tinsar ratio, full-size
to model, A . . . . . . 3.8

Lift and drag curves from tests in the full-scale tunnel

of an airplane having similar characteristics were used

to determine the load on the water and the air drag at var-
ious speeds throughout the take-off run, The drag curve
for the seaplane, excluding the float but including the
float struts and the t1p floats, was assumed to be the samse
as that for the alrplane with landing gear as tested in %the
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wind ftunnel. (The air drag of the float is included in
the wator resistance.) The curves were modified for
ground effect by the method given in refsrence 5. The
thrusts for full and three~fourths power, representing a
higher power loading, wero calculated from the data of
rcforence 6,

The full-slze resglstances of the smooth and riveted
floats were first calculated from the model data by the
vsual agssumptlon that the model and full-size forces and
speods aroc related according to Froude's law; 1.e., the ro-
sistance varies as the cube of the linear dimensions when
the speed varies as the square root of the linear dimen-
sions, The detalled procedure to be used whem general-~test
data are available is given in reference 7. In this case,
the floats were assumed to be free-to-trim at low speeds,
at best trim from 55 to 86 feet per second, and pulled up
to take off from 86 to. about 97 feet per second. There was
assumed to be no wind.

Thig procodure dces not take into account the varia-
tion in friction coefficlient with Reyneclds FNumber in the
change from model to full size and therefore might be mls-
leading in estimating the effect of surface roughnees, If ,
it be assumed that the addition of rivets, plate laps, etec.,
does not influence wave meking, l.e., that the pressure
digtribution remains essentially the same, the resulting
increase in resistance 1g frictional in nature, It is
therefore desirable to attempt a separation of frictional
and wave-making resistance for a nmore accurate extrapola-
tion of the model results, Although this separation is
usually made for surface vessels, if is gensrally not at-
tempted for seaplanes, The procedure followed in the pres-
ent calculations is therefore described in detail.

The trims and loads at the various spesds had Dbeen de-
termined in extrapolating to full size according to Froude'ls
law, The wetted lengths at keel and chine for these trims
and loads were interpolated from figures 8 to 13, The aroa
0of the wetted surface was then calculated from the wetted
lengths and the lines of the float,

The sum of the average wetted lengths of the forebody
and the afterbody was taken as the effective wetted length.
This procedure assumes that, during plening, the boundary-
layer condition applying just at the step does not change
appreciably in the distance of the jump from the step to
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the afterbody surface., Thls assumptlion 1s not strictly
accurate but, with this model, the error_ianvolved is be-
lieved to te of little consegquence, the afterbody bhecoming
completely dry at about one-half take-off specd.

The mean speeds over the wetted surfaces in the plan-
ing range were computed according to the formula

28 A
va=A/v2 - s ' (1)
w § cos T

v ig speed of modsl (or'hully, f.p.s.

wherse

A, load on model (or hull), 1b,
w, specific weight of water, 1b. per cu, ft.

S, bottom wetted surface projected on base plane,
sg. f%.

T, trim, deg.

This formula is simply a form of Bernoulli's equation and
states that there must be a reduction in velocity head
equivalent to the static head necessary to carry the load.

Below the hump, V_, was assumed to equal V, and
between this region and the full planing region a smooth
transition curveé was drawn. The values of mean speed Vg,
wetted surface, and wetted lsngth are plotted against model
speed 1n figure 14,

The corresponding Reynolds Numbers werse calculated
from these wetfed lengths, mean speeds, and the kinematic
viscosity of the water at the time of the tests (v =
0.00001054 ft.2/sec. at water temperature T = 739 F,).
From these Reynolds Numbers, friction coefficients Ce

were obtained from figure 15. This curve is essentially
Schoenherr'!s mean line (reference 8), down to a Reynolds
Number of about 106, and a mean of Schoenherr's smooth-
plane results - (reference 8) below that Reynolds Number,

The resulting valuss of Reynrolds Number and frictlion coef-
ficients are also plotted in figure 14. The friction coef-
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ficlent Qf is barsed on the square of the speed and is
defined as follows:

Ce = (2)

where
F ig the frictional force, 1lb,
A, wetted area, sqg, ft.
P, density of water, slugs per cu. ft.
v, speed, ft. per sec.

In this formula, V 1s the spsed of the flat submerged
plate from which the coefficients were dotormined., For
the float, Va ig substituted for V¥ and the oxpresslon
becomes

0p = ——— (3)

Once the friction coefficients had been obtained, the com-
putation was quite similar to that usually performed in
ship work, The frictional rosistanco of the model was es-
timated and deducted from the total water resistance,
Curves showing the resulting frictional and total water
rosistances of the smooth model are given in figure 165~
The residuary resistance and the model speed were then
converted to full size acgcording to Froude!s law, Fric-
tion coefficients for full size were obitained from figure
15, and from them the frictional reslstance for full eize
was computed for each speed. This resgsistance, added to
the full-size residuary resistance, gave the total water
resistance of the seaplane, The computations wers per-
formed in tabular form, a sample of which follows:
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Iton
Model:
(1) Vv, fe.p.s.
(2) Va, f.p.s.
(3) vp2, ft.° [sec.?
(4) Reynolds Number
(5) ¢,
(6) Wetted surface, sq. fte
(7) Frictional resistance, 1b.
(8) Total resistance, 1b.
(9) Residuary resistance, 1b.

Technical Note No.

Source

Given

Fig. 14

1(2)?

Fig. 14
Fiz. 14
Fige 14
Fquation (3)
% 3 |
~ /)
2 X 32.2
Fig, 16

(8) - (N

x (3) x (5) % (6)

657

alue

p = 0,0000105% £4.2/sec.; w= 63.3 1b./cu. £t.; T= 73" F.

34,0

3340

1,090

2.72 x10°
0.00365
0.923

3.6

10,6

7.0

Full-size: U = 0.00001087 ft.2/sece: w= 63.3 1b./cu. Tt.; A = 3.5;

(10)
(11)
(12)
(13)
(1k)

(15)
(16)

(17)
(18)

T‘: TOO Fn
V, f.pls-
Va: fePese

v-E

0% Tt.%/sec.?

Reynolds Number

cf
Wetted surface, sge fte

Frictional resistance, 1b.

Rosidaary resistance, 1b.

Total resistance, 1b.

(1) x »®
(2) X X%
(11)®

S
(4) x AT x
Fige. 15
(5) x A%
Equation (3)
2 X 32.2
(9) x A°®
(16) + (17)

_63.3 (12

0.0000105%
0.00001087

) % (1) x (15)

63.6
61.7
3,807

1.72 X 10 ©

0.00265

11.31

113

300
413
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For the model with projecting rivet heads, no direct
method .of separation was possible because the varlation of
coefficients of friction of the surfaces with Reynolds Num-
ber was not known, In thls case, the surface cannot ba
congidered as elther a smooth surface or a true rough sur-
facge, In a true rough surface there is & continuous irreg-
ularity., With such a surface, 1f the irregularities are of
sufficient-magnitude, the variation of the coefficlent of
friction for any given length with Reynolds Number disap-
pears, i1,e., Froude's law will hold. (See references 9 and
10.,) The friction ccefficients obhtained ih the tests re-
poried in reference 1 did not have this characiteristic var-
iation of rough surfaces but, in this case, the "denmity"
of the rivets was low as compared with that on the bottom
of the float., For lack of more accurate information, the
surface of the float was therefore assumed to be more near-
ly a true rough surface, and the resistance of the riveted
model was extrapolated entirsly according to Froude'!s law,
It 1s to be emphasized that such an extrapolation is much
more nearly the true extrapolation for a surface with a
large number of rivets than i1t is for a smooth surface be- L
cause, as previously statsed, hydrodynamically the rlvotod “
surface represents a compromise between smooth and roush .
surfaces and, for a rough surface of such magnituds, r
Froudet's law would hold quite rigidly,

The results of the different take-off calculations -
are plotted against speed in figure 17, together with the
computed thrusts at full power and three-fourths power.
Generally, the presence of the rivets on the surfaces
causes a small increase in total resistance at the hump
speed and a considerable increase at planing speeds., The
increase in reslstance acting beslow thoe center of gravity
causecs a slight decrease in the frec-to-trim anglec at low
speeds, no appraciable change in the best trim, but causes
a ghift in the trimming moment at best trim in a negative
or nose~heavy direction, The differsnce between the total
resistance of the smooth float obtained by the method of
separation and that obtained by applying Froude's law %o
the total resistance of the model ig very small at the
hump speed but is as much as 8 percent at higher spesds,
The take-off performances calculated from the thrusts
avallable for acceleration (fig. 17) are as follows:
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fime, sec. Distancs, £%.
Float Proudets|Separa-| Froude's| Separa-~
law tion law tion
method method
Smooth, full power . . 14,5 14.0 752 724
Riveted, full power . . 15.8 - 841 -
Smooth, three-fourths
rower . . . .« . . 19.4 18.3 1,019 953
Riveted, three-fourths '
POWGI' . (] . . . L} . 22-8 - 1,228 -

In & comparison of the full-power values, when the

. performance of the smooth hull according to the separation
method is used as a standard, the riveted hull requires 13
percent more take-off time and 16 percent longer take-off
run, When the performance of the smooth hull accordlng to
Froude's law is used as a2 standard, the riveted hull re-
guires 9 percent more take-off time and 12 percent longer
take-off run, If it were possible to extrapolate the data
for the riveted model satisfactorily, the values would
probably lie between those Jjust gilven, say 11 percent more
take-off time and 14 percent longer take-off run., It
should be remembered, however, that thess values are for
round-head rivets, For the brazler type of head more com~
monly used, smaller increases - probably on the order of
two-thlrds of those for the round heads (see fig., 16, rof-
crence 1) - might be used, It may therefore be reasonadbly
concluded that the usual float of about the same size with
projecting rivet heads and with comparabdle propeller thrust
would reguire about 7 or B poercent more take-off time and
9 %o 10 percent longer bteke-off run than would a smooth
hull,

If, however, take-off with the same propeller bdbut at
three-fourths power is assumed, the power loading is great-
er and the effect of the roughness of the hull 1s appre~
ciably increased. At this power, the riveted hull requires
24 percent more take-off time and 29 percent more bake-off
distance than the smooth hull, according to the separation
method, and 17 percent more tlme and 20 to 21 percent more
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distance than the gmooth hull, according to Proude!s law,
About two-thirds of a mean between these values prodably
represents the correct increase for brazier-head rivets,
Accordingly, the increase 1n take-off time would be 14

* percent and the increase in run would be 16 porcent, Thus
it seems that the hydrodynamic advantége of the smooth
hull may be a matter of some importance at low reserve
thrusts such as are typical of most flying boats, It
should also be noted that the afterbody of most flylng-
boat hulls is wetted at planing speeds because the depth
of step 1s relatlvely lower and, when such wettling occurs,
rivets on the afterbody might result in a longer take-off
rn,

—

CONCLUSIONS

1. The percentage increase in the water resistance
of tho model caused by tho projecting rivet heads, laps, and
kgel bar varies widely with load, It ranges from 5 to 20
percent at the hump speed and from 15 to 40 percent at 45
feot per second,

2. The incroase in resistance caused by rivet hecads
on the afterbody ig negligible exqept at high speeds and
high trims. )

3. The increase, caused by round-head rivets, in the
total resistance of~the single-float seaplane lnvestigatod
1s estimated to be less than 5 percent at the hump speod
but as much as 25 percent at Dlaning speeds, The resulting
effect on take-off performance Is small with the low wing
and power loadings found in this class of seaplane.

4, With the size of modsl used (1/3.5 full size), the
total resistance of the smooth float calculated by Proude's
law was found to be 2 percent higher at the hump speed and
8 percent higher at planing speeds than that calculated by
taking into account the effect of scals on the frietional
registance,

5. The prevailing practice of converting the total
water resistance by Froude's law glves a margin of safety
in practice and may be considered as satisfactory except
where the ratio of full size to model is considerable,

Langlzy Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronauntics,
Langley Flield, Va., April 26, 1938,
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Figure l.- Photographs of model showing reproduction of
riveted surfaces.
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